703 415 1525; 



Mar-14-02 11:10; 



Page 2/2 



PATENT SPEOFICATION OD i 294 808 

DRAWINGS ATTACHED 
^ (21) Application No. 38979/71 ^ (22) Filed 19 Aug, 1971 
^ (45) Complete Specification published 1 Nov, 1972 
2 (51) hitexiiatiooal Oasdfioation A6IM 16/00 

(52) Indt/K at acceptance 

AST 200 303 305 313 613 617 
BIR IB 

G3R lA 36A2 36F3 36H1 61 68 70 8R 
(72) Invcijton GEORGE EDWARD SMYIHB 
and WaUAM FREDERICK COX 

(54) TEMPERATURE<X)NTROLLED GAS HUMIDIFIER FOR A MEDICAL 

VENTILATOR 




10 



15 



20 



25 



30 



35 



(71) We, ftuups Electronic and 
ASSOCIATED Industries Limited^ of 
Atacus House, 33 Gutter Lane. London^ 
t-C^ a British Ompany, do hereby de- 
Clare the invention, for which we pray diat 
a gatwit may be |ninted to us. and the 
mefeod by whidi it is to be pcrfoimcd, 
to be paniculariy described in and by die 
following statement: — 

Tlie present invention rdates lo a gas 
hiimidificr of die to-called ''gas-over-hot- 
vraLier" type for humidifying respiraxoiy gas 
ted from a mcdkal ventilator to a patleni and 
more pardculaily to temperature coniroIlinE 
means for regulating the tomperoturc of the 
water. 

Humidifier are U5sed during veniBation 
of a patient in order to add water vapour 
to the respiratory gas passed to a patient in 
each inspiraUon period in order to replace 
mc Ic^s of water fr<^ the patient during 
exhalarion In the. **gas-over-hot-^water^ 
type of humidifier, the respiratory gas is 
passed over the surface of a quantity of water 
m a vaporisation chamiber in its passage 
trcm a gas supply source to die patiSl 
Jie water i& heated m order co fiiaease 
flie evaporation rale (so roquirmg a flnallcr 
free ^rfaoe of water) and to warm die sa^ 
passed to the patient. ^ 

It is customary in such humidifiers lo heat 
me water to a piedetermined temperature 
by ra«ms of an immersion heater controlled 
oy a themiosiat which senses the water t«n- 
perature m die vaporisation chamber. The 
Jcnown method, however, has certam disad- 
vantages, the maih one being diat tempera- 
ture of die gas recdved by the patieatcan 
vary over very wide limits with variadon 
of gas now rate, ambient tempeiuture, water 
temperature, and on the length vt die hose 
Ime between die humidifier and die pfttient 
To cater for thesie variations, die humidifier 
water tempeiamie is set on the saMy low 



stdc to ensure diat the gas temperature at 45 
tac Y-piece of the face mask or respiratory 
Uroc does not exceed normal body tcmpcia- 
tupx This safety procedure results in the 
lempeiatUTe of the at die Y-pi©ce being 
Iwror than the desired 4>ody temperature SO 
wh the result that the patient uses heat 
«Bcigy to raise the temperature of die gas. 
This, of course, is undesirable since any 
person being ventilated is generally in a 
low slate <rf health and any wasteful use 55 
of his eneigy should be avoided 

The object of die present invaiuon is to 
overcome^ die above disadvantage. 
^ Acocxnding lo the present invention there 
JS provided a gas humidifier for humidifying 60 
respiratoiygMfed£ram a medical ventilator 
to a patient, mduding a "gas-over-hoi- 
water** vaporisation chamber, means for 
heating wata cmiiained in die chamiicr. a 
respitatory ms supply line arranged for 65 
teeding hunudified respiratory gas from the 
humidifier to a patient, an electrical tem- 
pcratarchscnsing element locaed at or adja- 
cent the padent end of the supply line for 
sensong die temperature of humidified 70 
respiratory g3S hnmediatdy before the gas 
IS |»assed to die padent during an mspiratoty 
period of die ventilaior, and controDing 
means for controIliDg die operation of the 
waiet heating means in dependence upon 75 
the tempetituie s^iaed by die temperature 
sensing dement whereby die said tempera^ 
lure IS mamtained at a predetermined level. 

By sensu^ die temperature of the gas at 
a pomt ^near i» piactkal to die patient, 80 
il*is xeadily possftle to comrol die water 
temperature so as to maintain die tempera- 
tuxe at (his point at a predetoxmbied level 
e.g. 37*C 

Two flexiWe hoses are genctally used for 85 
feeding respiratory gas respectively to and 
from a padent and these are fixed at the 
padent ends thereof to two respective 
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branches of a 3'branch pipe assemWy. the 
ihird branch bein| connected to or forming 
the common inspiration/ expiraiion carl of 
ilie mouthpiece or resiJiraiory tube. AJihousb 
5 nowadays not always in the form of a **Y*\ 
this assembly is nevertheless referred to in 
the art as the Y-piecc, Since the Y-piece is 
a rigid structure, the sensing element is pre- 
ferably located in the Y-piece rather than 

10 in the flexible inspiratory hose. 

Preferably, the sensing element is a 
thermistor. - * l -j- 

fn a preferred embodunent of the htimiai- 
ficr according to the invention various fail- 

15 ^afe devices are incorporated which ensure 
that in the event of a fault, for example 
disconnection of the sensor leads or of 
dangerous overheating of the wator, ihc 
heatine element is automatjcally discon- 

20 nectcf 

The various advantages of the present in- 
vention will be apparent from the following 
descripuon of exemplary embodiments 
thereof, taken in conjunction with tibc ac- 

25 companying drawings, of which, . 

Figure I is a block functiCMial drawmg 01 
a humidifier according to Uie invention. 

Figure 2 is a schematic circuit diagram 
showing the temperature control principle. 

30 Figure 3 is a detailed dfcuit dravnng of 
ihe circuit of Figure 1 and including fault 
detection circuitry, and • ^ , 

Figure 4 is a detailed orciiit drawing of 
the alarm and safety cut-out circuicry. 

35 Referring now to Figure I of the draw- 
ings, which shows a functional block dia- 
gram, a humidjf>'ing chamber 1 has a« mbt 
2 and an outlet 3 for respiratory gas. The 
chamber contains water 4 healed by an elcc- 

40 trie heating element 5. Iti opcrauon. 
respiratory gas is passed from inlet 2 over 
the hot water in the chamber and thence to 
outlet 3 having piclced up wawr ^^^"J 
from the viouer surface. The bumidined 

45 respii<itory gas is then fed via a flexible 
hoscline 6, tvnically of about one metre 
leijgth, to the inspiratory gas inlet 7 of Y- 
piece 8 and thence to a fece-maA orcndo- 
iracheat tube via connection 9, The ex- 

50 pimory gas path is via connections 9 and 

. 10 of &e Y-piece and vjrill not be described 
further since it 1$ not relevant to an under- 
standing of the present invention. All ihat 
need bt said is that the Y-picce is located 

55 as close to the patient as pofsiblc so that 
the exhaled gas retained, at the end of an 
expiration period, between the connection 
9 and the patienl^s lungs la a minimum: 
since this "used" gfts is inhaled again at 

60 the nejrt inspiration period. Thus the 
smaller ihe volume of the gas path common 
to the inspiration and expltaiion paths, the 
more fresh respirator^' gas is fed to the 
patient in each respiratory cycle. 

d5 A icraperaiuie sensor 1 1 is located in the 



stub end of the Y-picce 8 so as to sense the 
lemperuiure of the inhaled gas at a con- 
vcnieni point close to the patient. The sen- 
sor, formed by a negaiivc lemperaiure cn- 
ef^icient resistor such as a thermistor, is 70 
conne::ted elcorically to a comparison de- 
vice 12 via a plug and socJcci connection 13. 
The socket is located on a front panel of 
the humidifying unit, as is the inspiratory 
hoselinc connection. lo enable the facemask 75 
and hoseline to be removed from the htimi- 
difier for sterilizing, etc. 

A temperature-setting control device 14, 
comprising a temperature-calibrated potentio- 
meter also mourned on the control paneU 80 
is coxmectcd to a second input of the com- 
parison device 12. The output of compari- 
son device 12 is fed to a switching control 
unit 15 which controls a heater power sup- 
ply switching arrancemcnt 16 comprising a 85 
iriac arraiiged in we supply path from a 
heater power supply 17 to the heater 5. 

In operation, the comparison device 12 
compares the sensor and lemperaiure- 
setting signals and gives an output if the 90 
temperature sensed by sensor 11 is lower 
than the temperature represented by the 
setting of s&ttmg control 14. This output 
causes the switching control to feed trigger- 
ing puUcs to the gate electrode of triae 16 ^5 
at the beginning, or "zero crossing'*, of each 
half cvcle of the a.c. supply 17 and, hence, 
to supply heating current to the heating ele- 
ment 5. The water temperature is there- 
fore raised and this increases the tempera- 100 
lure of the gas passed through the humidi- 
fving chamber I. 

' When the gas temperature at the Y-piece 
equals the predetermined temperature (eg. 
37X) set by adjustable control 14, the in- 105 
puts to the comparison device 12 become 
equal and the latter no longer provides an 
output signal. Switching control 15 there- 
fore no longer provides triggering pulses to 
iriac 16 and, hence, the current supply to 110 
heating element 5 is switched off. 

In this way, the gas temperature at the 
Y'piece- is maintained substantially eqtial 
10 the predetermined temperature set on 
conuol 14. The comparison device 12 is 115 
conveniently a differential amplifier. 

fn order to prorea the patient, several 
safely features are incorporated which 
switch off the heating elemenU and so pre- 
vent overheating of the inspired gas. if a 120 
fmih occurs in the temperature control cir- 
cuitry. The most likely faults arc con- 
cerned wi:h the temperature sensor and the 
leads therefrom: i.c, the leads may become 
shon-circuiicd or opcn-circuited» or the plug i25 
and siKket connection 13 may become m- 
advertently disconnected. Any of the«e 
conditions is detected by a fault-detector 18 
connected to the sensor leads at point 19. If 
a fault is detected, detector 18 inhibits the 130 
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switching control 15 via lead 21 and, hence, 
prevents operation of the heating element. 

If, by any diancc, the water still becomes 
overheated, this is sensed by a water icm- 
5 perature dctcaor 22. such as a bimeiallic 
switch and this causes openition of Aii tault 
detector 18. 

Having described the operatioual function 
of ihe various drcuit elements involved, the 

10 circuit oi)eraiion of the temperature control 
system will now be described with reference 
to Figure 2 of the drawings. 

A 24 volt alternating current is applied 
to inputs a and Resistor Rl and Zener 

15 diode Vl produce positive half cydcs of 
the 2LC. having a +I2V peak at tne junc- 
tion of resistors Rl and R2. A resistance 
bridge network is fonned by resistors R2 
to R9. the balance arm junctions of this 

20 bridge bdng connected to iaput terminals 
2 and 3 of an integrated circuit block IC 
Rcsisior R4 is a poieniiometer which forms 
the temperature setting control 14 of Figure 
K R7 is a negative temperature coefTlcient 

25 resistor such as a thermistor and forms the 
temperature sensing device 11 of Figure 1, 
The integrated circuit IC includes a dlf- 
feraitial amplifier DA which compares the 
vohages appearing at the IC inputs 2 and 

30 3. This forms the comparison device 12 of 
Figure L The output of this amplifier con- 
trols a sviatching circuit such that short 
output pulses are given at terminal 11 at 
every zero-crossing of the ax, supply volt- 

35 age when the input at terminal 3 of the IC 
is more pouitive than the input at tcrraiaal 
2. Such integrated circuit blocks are very 
well known and ore used for providing 
triggering current pulses to swit<;Ji on triacs 

40 at 3ie point of zero current crossing, The 
particular IC used in the practical embodi- 
ment, described hereinafter with resnect to 
Figure 3, is a Fainchild Semiconductor's 
ftA742 Zero Crossing AC Trfeger Trigac and 

45 the terminals 5hown in the Figures are tlae 
same as the pin numbers of the TRIGAC. 
The imernal drcuiiry of the IC is not rele- 
vant to the present description— all that is 
required from the IC is that triggering pulses 

50 arc produced wheti terminal 3 is more posi- 
tive than icminal 2— but a full circuit and 
description is given in "Applications of the 
/*A742 TRIGAC published by Fairchild 
Semiconductor This particular IC uses a 

55 change in charge on an externa] capacitor 
to provide ihe ui^gering pulses at output 
11. and this capacitor is shown as CI in 
Hgure 2. 

Triggering current output pulses appear- 
<S0 ing at teimmal 11 of the IC fire a triac Tr 
at every zero-cro.ssing of the a,c. supply volt- 
age at terminals a and b and cause the triac 
to conduct. The synchronism of these 
triggering pukes wiih the zero^rosslng is 
65 achieved via a synchronising input to teimi- 



nal 10 <^ the IC derived from the a.c. sup- 
ply. Triac Tr is in series vdth a bimetallic 
switch Th (22 of Figure 1) and a heatmg 
element Htr (forming heater 5 of Figure 1) 
across the a-c supply. Thus a.c current is 70 
passed to the heaung element when the 
tnac IS triggered by the pulses from the IC. 

If the temperature , of the gas at the Y- 
piece (Figure 1) is ihc same as that set by 
t^peralure-calibrated potentiometer R4, 75 
the amplitudes ot the positive iudf pulses 
appearing at input terminals 2 and 3 of At 
IC arc the same. Under this condition, 
therefore, trite Tr is not fired and no current 
is fed to heater Htr. If the Y-piece tern- 80 
perature now falls, the resistance of ther- 
mistor R7 increases and the amplitude of 
Ihe pukes at terminal 2 therefore decreases. 
The pulses at terminal 3 are now more 
poative-going than those at terminal 2 and 85 
under this condition, as previously ex- 
plained, the IC produces trisgering poises at 
lis output 11 and current is passed to the 
heater via triac Tf. This causes the tem- 
perature of the humidlftcT water to be in« 90 
creased and this in turn increases Ae tem- 
perature of the re^iiatoiy gas at Ihe Y- 
piece and, hence reduces the resistance of 
thermistor R7. men this latter tonpcra- 
ture w again equal to the pi^dotermmed 95 
temperature set by potentiometer R4. the 
signals at tenninals 2 and 3 are again equal 
and the triac is no longer fed at its gating 
electrode with triggering pukes. The heater 
Htr IS rhcrcTore disconnected. 100 

In the practical embodmeni, various 
safety features are incorporated and these 
wiD now be described with reference to 
Hgure 3 and Figure 4 of the drawings. In 
Figures 2 and 3, the same drcuh dements 105 
are given the same designations. 

Rcfcning now to Figure 3, the left hand 
arms of the bridge Cresistor^ R2 to R6> are 
fed with current via the emittefccollecior 
path of a transistor V4 and the n^git hand 110 
arms of die bridge (resistors R7 to R9) are 
fed with current via the emitter^base path 
of V4. Transistor V2 is normally cut off 
because the emitter-collector voltage (about 
0.1 to 0,2V) oi conducting transistor V4 is 115 
too low for current to pass via diode V3 
and the emitter-base path of V2. Under ihis 
condition, therefore, the circuit functions as 
described with reference to Figure I, the 
positive peak potential at input 2 of the 120 
IC being generallv in the range 6 to 7 volts. 

In the oracticaf embodimctit. resistors R7. 
R8 and R9 are encapsulated in a block and 
located at the Y-piece wth the Aermistor 
K7 projecting into die Y-piece as shown in 125 
Figure L Thus throe leads are lequiied 
from this block to the control equipment, 
each lead beinig provided with a plug and 
jocket connection 13. If any or all three 
of these leads become disconnected (e.g. 130 
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by wear or by accidental disconneaian of 
the plug) the peak potential appearing at 
pin 2 of the IC and lead c rises above the 
value corresponding to the maximum safe 
5 gas temperature e,g. 42*C If ihi^xonnec- 
tions to R7 or R9 arc brokeiu V4 stops 
condiiciing and V2 conducts and Ihc voltage 
of pin 2 of the IC is raised towards ]2v 
through R16 and the collector of VI If 

10 the lead to the junction of R7/R8 is broken 
the voltage of pin 2 of IC is raised towards 
21 V through RIL These high level peaks 
(referred to hereinafter as the high level 
voltage) cause the alarm circuit, shown and 

15 described later with reference to Figure 4. 
to operate and give an audible and/or visual 
alarm. They also operate discretely on the 
IC diid stop tills supplying triggering pulses 
to the triaa 

20 The other fault that may occur in the 
leads is a short dncuit between them. Tf 
this occurs, the resistance valuc:^ are so 
arranged that, irrespective of v/hethcr any 
two or all three leads become 5*ort-circuiied, 

25 die oeak voltages appearing at terminal 3 
of liie IC have maximum value of about 
three volts. This value is referred to as the 
low voliage level hereinafter and this also 
cause operation of the alarm. Thus, in the 

30 event of any fault on the leads, the voltage 
level appearing on lead c either doubles 
(high voltage level) or halves (low voltage 
level). 

The other addition to Figure 1 shown in 
35 Fi^re 3 is a further transistor circuit com- 
prising transistor V5, diodes V6 and V7, 
and resistors R13, RI4 and RI5. This cir- 
cuit senses opening of the bimetallic sVilch 
Th caused by overiieaiing of the water in the 
40 hmnidii^er Normally with the himelallic 
switch contact closed, the basc^cmitter cir- 
cuit of V5 is short curuited thereby and 
this transistor is thus normally in the cut- 
off siaic. n the bimetallic switch contact 
45 opens, however, V5 conducts supply current, 
via the he^r Hlr and diode V7 to lead V. 
This also causes an alaim to be gtveo* as 
win be described later with reference to 
Fkure 4, 

50 In the practical embodiment, all the ele- 
ments of Figure 3 shown within the chain 
outline except R4 (which Is panel-mounted) 
are mounted on a printed circuit board 
(p.c.b.), and it will be seen tfiat the trigger- 

55 ing lead from output 11 of the IC to the 
gating electrode of triac Tr is taken via lead 
s cut of the printed circuit board! It will 
be sccn'-from Figure 4 diat this lead g re- 
turns as lead A to the triac. The reason for 

<iO this is that the whole of Figure 4 is con* 
stnicted on a separate prinlca circuit board, 
the removal of which will thus disconnect 
the triggering pulse path to the triac Thus, 
if either p.c.b- Is removed, the heater Htr 

65 cannot be supplied with heater current: 



[hereby providing a further feaHire which 
prevents overheaimg of the humidifier water 
m ihe event of a fault. 

Resistors R5 and R8 (Figures 1 and 2) 
are made preset variable resistors. These are 70 
preset during calibration of the temperature 
control adjustment. In the practical em- 
bodiment, the following components were 
used for Figure 3, 



Rl 


33 Kohms 


RIO 120 ohms 


75 


R2 


6.8 Kohms 


Rll 270 Kohms 




RS 


2JK<Ams 


R12 1.2 Kohm.^ 




R4 


2.0 Kohms 


R13 1.0 Kohms 




R5 


2;2 Kohms 


R14 150 Kohms 




R6 


6.8 Kohms 


R15 4.7 Kohms 


80 


R8 


5.0 Kohms 






R9 


3,9 Kohms 


R7 Mullard VA3406 




VI 


Mullard 


BZY 88— C12 




V2 


Mullard 


BCY 71 




V3 


Mullard 


BAX 17 


85 


V4 


Mullard 


BCY 71 




V5 


Mullard 


BCY 71 




Tr 


Mullard 


BOX 94/100 




CI 


0.47 fiF 




C2 


0,47 uF 




90 


IC 


Fairchild Semiconductor TRIGAC 






/iA742 







Capacitor C2. between terminals 1 and 
4 of the IC, is used in the latter as a memory 
storage for malmalning the control condi« 95 
tion during negative line half cycles (when 
the circuit is» in effect, idling). The stoiied 
energy forces the differential amplifier I>A 
to assume the previously held state ai the 
beginning of each positive half cycle. The 100 
TC produces triggering output pulses when 
the voltage at terminal 3 is positive to that 
at terminal 2 by a voltage of about 3 milli- 
volts. The voHage at the junaion of R9 
and RIO is fed to terminal 7 of the IC to 105 
feed a clamiping circuit in the IC which has 
the effect^ oi producing a snap action in the 
comparator. 

The alaim circuit will now be described 
wiih reference to Figure 4 of the drawings, 1 10 
the connecting leads between Figures 3 and 
4 being given the same reference in eacb 
drawing. 

The circuit is powered from the 24v a.c. 
supply at terminals a and 6, this being reai* 115 
fied and stabilised to provide a +20V d.c 
by means of resistor R2U rectifying diode 
V2U capacitor C1 1, resistor R22» and Zener 
diode V22. 

Lead c which feeds a normal level voU- 120 
age of 5—7 volts, as previously described, 
feeds two long-tailed pairs, comprising tran- 
sistors V23, V25 and V26, V28, via isolating 
resistors R23 and R24 respectively. The 
common emitter resistors for these long- 125 
tailed pairs are R25 and R31 respectively. 
A voltage divider formed by resistors R27 
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to R30 provides base bias potentials for 
V25 and V28. During normal operadon 
the voluige on lead c is between the base 
bias potentials of V25 and V23, transistors 

5 V25 and V2S are conducting and V23 and 
V28 are non-couducting: If a high Icyel 
voltage is received over lead r, V23 con- 
ducts and feeds current to the base of tran- 
sistor V29, wliich is nonnally cut off. H a 

0 low level voltage appears on lead c, V28 
conducts and, ^sain, feeds current to the 
base of V29. Thus, in the event of a fault 
condition on ihc thennistor leads, as pre* 
vjously described, cither a high or low level 

5 vohage signal on Jead c causes V29 to con- 
duct. The resultant current pulses flowing 
through the emitter-collector padi of 
and resistor R36 one applied lo the base of 
V3I of a conventional flip-flop circuit com- 

0 prising resistors R34 to R39 and transistors 
V31 and V31 In the normal (non-alann) 
state. y32 is conductlnjg and V31 is non- 
conducting. ThiK c<»ididon is ensured on 
switching on the equipment by condenser 

5 C22. Under alarm conditions the current 
applied to the base of V31 causes the flip- 
flop to change state: V31 then conducting 
and V32 becoming non-conduciing. The 
function of this fllp«flop U to memoilse a 

0 fault and prevcat the heater being re- 
eneigised until manual operation of a push 
button switch. 

K the bimetallic switch Th (Figure 3) 
opens, V5 feeds curriait over lead e as pre- 

5 viously described, and hence, to the base of 
V31. Thus this aiami condition also causes 
the flip-flop to change state, 

Widi the flip-flop in the normal (non- 
alarni) state with V32 conducting, collector 

0 current, is drawn for this transistor largely 
via resistor R41 and diode V33 in paralld 
with resistor R44 and diode V36. Sbice the 
collector-emitter potenrial of V32 is veiy 
low in the conducting state, no current flows 

5 via diode V34 or via diode V37. Thus no 
current flows to the bases of iransiatois V35 
and V38. These transktors are therefore 
normally cut-off. 
Under alann conditions, when V32 is 

Q non-conducting, the potential at the collector 
of V32 is substantially at +20V and diodes 
V33 and V36 cease to conduct. Cun^nt can 
now flow to the bases of V35 and V38 caus- 
ing these tninsiston; to conduct. The col- 

5 lector cun-cnt of V35 lights an alann lamp 
LP. Due to the fact that V38 is conduct- 
ing, the potential on lead i is virtually that 
of supply terminal b mih the result that 
capacitor C\ (Figures 2 and 3) -sEiunted 

0 and cannot chprge; His prevents any 
trigger pulses appearhig at leiminal 11 of 
the IC and triac Tr can no longer conduct 
current to heater Htr. 
When flie fault is cleared die flip-flop is 

5 reset by momematy operadon of a puA* 



buuon SI. This applies current from the 
+20V supply line to the base of V32, there- 
by resetting the flip-flop to die non-alann 
state. It can dius be seen diat in the event 
tu uiiy fault or misopcration of the control 70 
circuitry, the heater current is dL<;conDected 
and remains disconnected until the fault has 
been cured and Si pressed. Therefore, tho 
temperature of the humidified mspiratory gas 
fi^ to die patient cannot exceed a s^c 75 
level. 

In a practical embodiment of a humidifier, 
all parts of the gas circuit are housed in 
such a way that they can be removed "en 
Woe" for sterilizing in an autoclave. The 80 
neater nonnally passes about 7 amps and 
us sudden disconnection from the circuit by 
removal of the gas circuit components would 
produce a lai^ spaik at die breaking dec- 
trical contacts- A further feature of the 85 
embodiment is the provision of an elecuical 
conact switch S2 which closes, on removal 
of die gas circuit, before die heater connec- 
tions break. This swtch short circuits leads 
c and d, thus putting a high voltage level 90 
signal (+12V) on lead c. Tbie alarm cir- 
cuh dierefoic operates in the manner pre- 
viously described and die heater circuit is 
Uierefore disconnected before die heater con- 
tacts break. 95 

The circuit component for Figure 4 were, 
in a pracdcal embodmieat: 

SJi ^^^^ ^'^ K:ohms 

R22 100 ohms R34 3,3 Kohms 

R23 100 Kohms R35 12 Kohms 100 

R24 100 Kohms R35 12 Kohms 

R25 47 Kohms R37 3.3 Kohms 

R26 100 Kohms R38 12 Kohms 

R27 12 Kohms R39 12 Kohms 

f ^ j^^J""^ 22 Kohms 105 

R29 5.6 Kohms R41 12 Kohms 

R30 2.2 Kohms R42 22 Kohms 

R31 47 Kohms R43 150 ohms 

R32 2.2 Kohms R44 47 Kohms 

SI ^ 110 

C22 1 ttF 

V21 Mullard BYX36— 150 

V22 „ BZY8a~C20 

V23 „ BC107 

V24 „ BAX17 115 

V25 „ BC107 

V26 ^ BC107 

V27 „ BAX17 

V28 „ Ba07 

y29 „ BCY71 120 

V30 „ BAX17 

V31 BC107 

V32 „ BC107 

V33 „ BAX17 

V34 „ BAX17 125 

V36 „ BAX17 
V37 „ BAX17 
V38 „ BC107 
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WHAT WE CLAIM IS: — 

1. A gas humidifier for humidifying 
respiratory gas fed from a medical veniilator 
to a patients mcluding a **gas-ovcr-hoT- 

5 water" vaporisation chamber, meam for 
healing water contained in the chtunbcr. a 
respiratory supply line armnged for 
feeding humidified respiratory gas from the 
humidifier to a patient, an electrical tcm- 

10 peraiure-sensin^ elcmcni located at or ad- 
jacent the ptsiicnt end of the supijly line for 
sensing the temperature of humidined res^ 
piratoiy gas immediaiely before the ^^ is 
passed' to the patient during an inspiratory 

15 period of the ventilator, and controlling 
means for controlling the operation of the 
water heating me^ins in dependence upon 
the temperature sensed by the temperature 
sensing clement whereby the said tcrapera- 

20 cure is maintained at a predetermined level. 

2. A sas humidifier according to Gaim I 
wlierein the temperature^sensiag clement is 
a ncgaiivc temperature coelRcient resistor 
arranged in one branch of a resistance bridge 

2$ the other branch of which includes a 
poien:iomeier the setting of ^ich dctcx- 
mines the iHedetermined tempcramre, the 
bridge being balanced when the gas tem- 
perature equals the predetennincd tempera- 

30 ture, the outputs^ from the aim junctionii of 
the two branches being connected to inputs 
of :i comparison device arranged io detect 
a bridge unbalance caused by the gas tem- 
perature being lower than the prederermincd 

35 temperature, and to provide an output sig- 
nal in that events the humidifier including 



swiichifig means for controlling the opera- 
tion of the said heating means in depend- 
ence upon the said output signal. 

3. A gas humidifier according to Claim 
2 wherein the switching means includes a 
triac iiii scries with the healing elemeni and 
a pulse generator arranged to supply trigger 
pulses to the gating electrode of the triac 
to render the triac conducting In the event 
of said unbalance of the bridge. 

4. A gas humidifier according to any 
previous Claim including means for prevent- 
ing operation of the heating element iC con- 
necting leads to the temperalure-sensing ele- 
ment become shorc<1rcuited or disconnected. 

5. A humidifier according to any 
previous Claim including a thermal switch 
m the vaporisation chamber which operates 
at a given temperature to prevent operation 
of the healing element in the event of the 
water ovciheating to reach the given tern-, 
perature. 

6. A gas humidifier substantially as here- 
inbefore desfcribed with reference to Figure 
I of the accompanying drawings. 

7. A gas humidifier substantially as 
hereinbefore defined with reference to 
jRgures I to 4 of the accompanying draw- 
ings. 

C A. CLARK. 
Chartered Patent Agent 

Century House. 
Shaftesbury Avenue, 

London, W.C2. 
Agent for the Applii^ints. 
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